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THE EFPSCT 07 BXTSHiTAL SHAPE ÜP0H SHE JDBAG 07 A SCOOP 

By Irven Haiman and Paul H. Hill 

- • SUKMAET 

The principles of HACA cowling.design may be applied 
to scoop fairing.  Six scoops were built and tested to 
show the advantage of using these principles.  Three of 
the scoops had a good nose contour with different after- 
body- lengths,' and three were of inferior nose shape. 

The best sooop tested increased the drag coefficient 
of the airplane by 0.0013, although its frontal area was 
over one-fifth that of the fuselage.  The critical speed 
with the best nose tested was 400 miles per hour.  The 
poorest scoop, with same entrance area but smaller frontal 
area, practically doubled the drag of the airplane. 

The drag with long afterbodies was found to be fairly 
insensitive to large changes in length.  The longest after- 
body tested, with a length of eleven times its depth, ap- 
peared to be most favorable. 

An appendix gives a method of obtaining the dimensions 
of a scoop that will give the lowest drag for a given ap- 
plication.  In the determination of these dimensions the 
power cost of frontal area is balanced against the power 
cost of internal expansion losses.  The analysis shows that 
a low form drag scoop with low velocity entrance gives the 
best practical compromise. 

IÜTTE0DUCTI0E 

In the-past, airplanes have been designed with a great 
many scoops upon the surfacei   some have fairly bristled 
with scoops»  It 1B generally realised today that these 
protuberances are a souroe of considerable drag and that 
the.number and size should therefore be reduoed as much as 
possible.  Uhiie the most efficient way to take in the 
cooling and engine air required by an airplane is at the 
front stagnation point (fuselage or nacelle), in many air- 
oooled engine installations', due to inadequate frontal 
opening, additional air must be brought in through scoops 



for 'auxiliaries such aa interooolersand oil ooolers.  It 
is also current practice on most liquid-cooled engine in- 
stallations to house the glycol and oil coolers in a duct 
under the fuselage or nacelle.  The present investigation 
vas undertaken to determine the cost of a scoop installa- 
tion on which the principles of the NACA cowling (referenoe 
l) had been applied.  Tnese principles include a nose shape 
of sufficient curvature so that breakaway does not occur 
over the lip of the duct at any flight attitude,. and an 
entrance large enough to insure small internal expansion 
loss»  There are presented herein several designs of duots 
in which the nose and afterbody shapes were varied. 

APPARATUS AND TESTS 

The scoop tests were made on a 0.4-scale model of the 
XF-41 airplane with a revised fuselage 25 percent longer 
than the original one.  The model included canopy and open- 
nose cowling with air flow, but no tail surfaces.  It was 
assumed that tail surfaces would have no  effect on the 
tests. 

The tests were run in the 19-foot pressure tunnel at 
a dynamic pressure of 50 pounds per square foot and at a 
Eeynolds number of approximately 3 x 10s based on the mean 
wing chord.  The model was supported on the usual airfoil 
supports and on a special tail support having a high fine- 
ness ratio to minimize buoyancy effects.  Lift and drag 
measurements were made over an angle-of-attack range from 
-2° to 20°. 

Six scoops, designated A to 7, were tested on the 
bottom of the fuselage.  The layout of the test arrange- 
ments showing the contours of these scoops is given in 
figures 1 and 2.  All of the scoops had the same area of 
nose opening, approximately 47 square inches.  Scoops A 
to b have well-rounded noses, increasing the projected 
frontal area to 113 square Inches.  (The projected fuse- 
lage frontal area is 502 square inches.)  These scoops in- 
crease the over-all depth of the fuselage 7% inches. 
This large else was used in order to obtain accuracy in 
testing.  Scoops A to 0 have the same nose with afterbodies 
of successively decreasing lengths (fig. l).  The nose con- 
tours may be seen in figure 3.  As.the nose contour ap- 
proaches the intersection with the fuselage all radii of 
curvature greatly increase.  A streamline'nose is also pro- 



3 

rided and was tried on scoop A (fig. l).  The afterbodies 
are tapered mostly, in depth and^ very little in width. 
Scoop A was provided with an exit slot 10 inches long and 
widths of 0.3 inch, 0.6 lnoh, and a 30° flap opening to 
1.7 inches (figs. 1, 4, and 5).  The exits for scoops B 
and C were obtained by an alternate tail with the end out 
off (fig.- 6). 

Scoop D (figs. 6 and 7) has the medium afterbody of B, 
but has a sharp-edge nose resulting from a simple sheet- 
metal construction.  However, the longitudinal contours of 
the nose-lip are well rounded on both the bottom and sides. 

Scoop Dj. is the same as acoop D except that a strip 
of metal is cut from the side of the ecoop nose.  This 
strip tapers from nothing at the corner of the scoop to 1 
inch at the intersection with the fuselage (fig. 2). 
Scoop B3 is similar except that the strip tapers from no- 
thing to 2 inches.  The scoop nose was trimmed back to see 
what drag penalty is imposed ty  decreasing the nose radius 
at the intersection with the fuselage. 

Scoop S (figs. 2 and 8) has straight sides, so that 
the maximum area is the same as that of the nose opening. 
Scoop 3? is approximately conical in shape with a ratio of 
length to depth of 3.  It was designed to test the form 
drag only, having no exit passage to provide for air flow. 

The noses of scoops A to T were directly below the 
leading edge of the wing.  Scoop D was also tried with its 
nose 8 inches benind the leading edge to see if the prox- 
imity of the wing had any stabilizing effect on the flow 
over the scoop.  In this position it is designated Dz. 

A baffle plate with twonty 1-inch holes (conductance 
area = 10.2 sq.in.) obstructed the internal air flow for 
scoops A, B, C, and D.  Sooop E had no baffle plate and 
scoop 7 was not tested with air flow. 

The additional drag due to the cooling air (referenoe 
l) is given by 

For this model with ET o 10.2 eq in., this equation becomes 
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/A N3'8 

ACL« o 0.002 (~£j 

Fitot and static pressure measurements were made to 
determine the total pressure in the nose, the pressure 
drop across the oaffie, and the velocity in the exit.  In 
the nose of scoop A, three rows of surface static pressure 
oriflceo were installed to determine the pressure distri- 
bution along the surface.  These were located on the hot- 
torn center line, on the corner where the scoop turned up- 
ward, and in the fillet at the body juncture, and are desig- 
nated a, b, and c, respectively, in figure 3. 

SYMBOLS 

A conductance area of baffle 

Ai area of entrance- 

A3 area of exit 

c mean aerodynamic chord of wing, 2.49 feet 

c  • loss coefficient due to angle of expansion 

.CD drag coefficient  (D/qcS) 

ACjj increase in drag coefficient caused by scoop 

ACQ
1
   calculated increase in drag coefficient caused by 

air flow 
•i 

Cf;. drag coefficient of scoop, based on its frontal 
area 

GL lift coefficient  (L/q,cS) 

Cm pitching-moment coefficient  (M/qccS) 

D drag force 

P area of duot at baffle plate 

k . -ratio of scoop frontal area to.entrance area 

K conductance of baffle plate  (A/7) 



/   1 
Ki   conductance of entrance  I • • . •    i 

Za conductance of exit  (A3/?) 

L lift force 

M moment about quarter-chord point 

M Mach number 

p   .static pressure on surface, referred to static 
pressure of air stream 

p»   total pressure in front of baffle plate, referred 
to static pressure of air stream 

p    total pressure in rear of baffle plate, referred 
to static pressure of air stream 

pe   static pressure at exit, referred to static pres- 
sure of air stream. 

Ap press/tire drop across baffle  (pf - pr) 

Apx pressure drop in entrance 

Apa pressure' drop in exit 

AP .over-all pressure difference when no air is flowing 

q_ Impact pressure of air stream, referred to static 

*.        pressure of air. stream [1/2 pTa (l + 1/4 Ma + ...)] 

q-p dynamic pressure in duct  (l/2 pVj ) 

<4 quantity of air flow 

S . wing area,. 35.8 square feet' 

V velocity of air stream 

Vx velocity in entrance  (Q/Aj) 

. V3 velocity in exit. (<4/A8) 

Tj, Velocity in duct' at baffle plate  (q/P) . 



a  angle of attack 

p  mass density of air stream 

E3SULTS AUD DISCUSSION 

Drag.- The lift, drag, and pitching-moment coeffi- 
cients as functions of angle of attack are given in fig- 
ures 9 and-10 for the basic model and the model with 
scoop B v:ith air flow, respectively.  Figure 11 gives the 
drag coefficient  Gj  for the various test arrangements 
plotted in polar form as a function of the lift coeffi* 
cient  CL  up to  CL = 0.4.  At the lift coefficient cor- 
responding to high-speed flight, 0.117, table I gives the 
drag coefficient and the increment  ACp  over the basic 
drag. 

The drag coefficient of the model in the besic condi- 
tion is 0.C138.  Deducting the induced drag and the pro- 
file drag of the exposed portion of the ving, as given in 
reference 2, the fuselage drag may be taken as 0.0060. 
The addition of scoop A increased the frontal area by 22.5 
percent.  The expected drag increase is thus 0.0013, the value 
äTfcnc"5".'.' r.):x':±r-y\   for scoop A with the streamline nose (run 2). 
tfhen tue blunt nose is used, however, the drag is increased 
slightly.  Scoops A, 3, C, and D_ each add a drag increment 
of 0.0017 and scoop D, 0.0019.  The differencesbetween 
these drag values are not significant, being within the ex- 
perimental error, and it appears that there was no particu- 
lar stabilizing effect due to the pressure gradient at the 
leading edge of the wing.  The drag of the blunt nose at 
zero air flow is not the true measure, for the bluntness 
is present to accommodate air flow.  In several cases the 
opening of the exit to allow air flow reduced the drag, 
though never below the basic value of 0.0013.  Inasmuch 
as the calculated cooling drag increment at maximum air 
flow is only 0.0002, approximately the experimental error, 
the scoop drag-increments with cooling eir should be 0.0015 
±.0.0002.  The results in table I are therefore considered 
a very good check, and indicate that an external scoop in- 
stallation for an oil cooler or intercooler can be made at 
low cost. 

Scoops-I and V were tested to show that an attempt to 
limit the frontal area of the scoop to the inlet area re- 
sults in very high drag increments because of the poor nose 



shape.  Scoop X with a drag increment of 0.0085 has five 
times the drag of scoop B, -and scoop V with -0.0137 has 
eight times the drag of scoop B, almost doubling the model 
drag.  Scoops Dj. and D8 (scoop D with cuts made at the 
juncture) further illustrate the necessity for good flow 
over the leading edge of the scoop.  Scoop D8 almost 
doubled the drag of scoop D. . 

Cooling pressure.- The pressure readings at various 
places in the entrance of the scoop, behind the baffle, 
and in the exit are given as fractions of the dynamic pres- 
sure in tables II and III.  There is a considerable vari- 
ation in the value of this pressure at the several loca- 
tions in the entrance.  The boundary layer at the surface 
of the fuselage causes a lower pressure at the top of the 
scoop than at the "bottom.  Because of this pressure differ- 
ence there is set up a swirl or crosa flow in the entrance, 
such that the air enters along the central and bottom por- 
tions of the Bcoop, passes toward the baffle, turns upward, 
com9 8 forward along the top of the entrance, -J"-GL .npills out along 
the fillet.  Because of tbis flow pattern, fcne survey tubes 
are not alined with the local flow, giving an erroneous 
pressure reading.  It is for this reason that the front 
pressures appear to be such a small proportion of the stream 
q.  Table III shows that at high rates of air flow (which 
tend to eliminate the swirl pattern) the front pressure 
readings come almost to stream  q.  At high angles of at- 
tack, the air flows obliquely across the fuselage, reducing 
the boundary layer underneath the fuselage.  This smaller 
boundary layer reduces the cross flow in the scoop en- 
trance, resulting in a higher value of the front pressure. 

The swirl in the entrance is an undesirable feature 
from the standpoint of cooling, and an attempt should be 
made to eliminate the effeot of the boundary layer by a 
plate separating the high and low energy air. 

"•'ith air flow the pressure drop across the baffle is 
given, in table III.  The pressure drop was taken as the 
difference between the baffle pressure and the rear pres- 
sure.  The static pressure in the exit is omitted for 
scoop A because of faulty measurements.  The exit area was 
apparently too small for adequate air flow with scoop A. 
However, the effect of the flap in Increasing the pressure 
drop is notable.  Tor.the larger baffle conductance ap- 
proximately 0.7q was obtained.  It is realised that the 
drag increase with flap was expensive from the standpoint 
of drag, but in the take-off and climb it is the cooling 
that is all important. 



Surface preequre survey.- Observation of the pressure 
distribution over the nose of scoop * was made without 
internal air flow.  This condition gives the maximum ex- 
ternal velocities and therefore the most severe surface 
pressure conditions.  Surface pressures are presented for 
angles of attack of 1.1° and 8.7°, representing the high- 
speed and climb conditions.  The maximum negative pressure 
on'the scoop nose occurs at the lowest angle of attack. 
Figure IS shows that for an angle of attack of 1.1° the 
maximum negative  p/q  is 1.6, occurring on the center line 
of the scoop.  This value of  p/q  corresponds to a criti- 
cal speed of 420 miles per hour at sea level and 395 miles 
per hour at 20,000 feet altitude.  By reducing the curva- 
ture at the point of maximum negative pressure, the veloc- 
ity at this*point can be reduced, thereby increasing the 
critical speed.  In this manner a contour may be obtained 
satisfactory for any desired design speed. 

corrcLUBiis-G EIKAF.ES 

The most desirable place to take in cooling air for 
accessories, such as oil coolers, intercoolers, etc., is 
at the nose of the fuselage or nacelle, even if it is ne- 
cessary to increase the cowling area.  However, if it is 
necessary to take air in through a scoop or underslung 
duct, low 6Coop drag may be secured by utilizing the design 
principles of the i»ACA cowling.  This design involves the 
use of well-rounded nose contours, thus giving a frontal 
area much larger than the ialüt area.  Scoops tested with 
this type of nose gave not only a low drag increase but 
a critical speed of 400 miles per hour with no air flow. 

Scoop drag was found to be quite insensitive to 
changes in afterbody length in the range of four to eleven 
times the scoop depth.  Eowever, with air flow, the drag 
decreased slightly with increasing length, the lowest val- 
ue being obtained with scoop A.  This scoop was of such 
length that it practically merged into the body without a 
break in the contour lines.  Complete disregard of the 
principles of fairing resulted in a scoop which almost 
doubled the drag of the model. 

Langley Memorial Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, 7a.. 



APPBBDII. 

Analysis of Scoop Design 

She results of this study may be incorporated into 
the known principles of scoop design.  The design of a 
scoop may be divided into two parts: the design of the 
duct  and the design of the external shape. 

The duct.- The duct consists of an entrance area, an 
expansion region, the working region, and the exhaust 
region.  For a carburetor duct the carburetor is the work- 
ing region and there is no exhaust region to be considered, 
The working region is the one in whioh the oil cooler, 
prestone cooler, intercooler, or air-cooled engine is 
placed.  The cooling specifications for this region in- 
clude a certain quantity of air flow  %  at a certain al- 
titude (determining the air deneity  p).  The heat ex- 
changer has a frontal area  B"  and its internal resistance 
is such that a pressure difference  Ap  is required to 
secure the required quantity of air flow.  These elements 
may all be included in one quantity, the conductance, 
given by 

' (1) _ 

or 
Ka 0 * 11_1_ „ £-J f_ . -i (2) 

where  Vj, » Q/V     and  q~  is the dynamic pressure in the 
duct at the heat exchanger.  Tor oil and prestone coolers 
K  is approximately O.E, for lntercoolers 0.2 to 0.3, de- 
pending upon design.  Tightly baffled air-cooled engines 
vary from 0.10 to 0.18 depending upon the number of cyl- 
inders; loosely baffled engines may be as high as 0.5. 

The over-all pressure difference AP  is equal to the 
difference between the total pressure at the entrance to 
the duct system and the static pressure at the exit.  In 
addition to the pressure loss  Ap  across the heat ex- 
changer, there is an additional loss  Apx dne to expansion 
in the entrance.  Apx  and Ap are total pressure losses 
and appear as drag of the oooling system«  The pressure 
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difference remaining after deducting Apx  and Ap from 
AP is the difference between the total pressure in the 
exit passage and the static pressure at the exit.  This 
pressure difference may he designated Ap3  and is, of 
course, equal to the dynamic pressure of the air at the 
exit.  The pressure equation is thus given as 

AP = Apj + Ap + Ap3 (3) 

If the duct system is very long, a further allowance will 
have to he made for friction and bend losses. 

Inasmuch as the- entrance loss  Apx  is a total pres- 
sure loss, whereas  Apa  is the dynamic pressure of the 
exit air, it is seen that any throttling, of the flow 
should occur by constriction of the exit.  Throttling in 
the entrance region can be accomplished only 07  pressure 
loss with a consequent increase in drag. 

Entrance and exit conductances may be defined in a 
manner similar to equation (2). 

El3 - qj/Apx (4) 

2aa - o_7/Lpa (5) 

Equation (3) may be rewritten as 

AP       Apx   Ap. 
Ap = 1 + Äp  + Ap 

**(£)•(£) 
In order to secure the proper apportionment of the 

overr-all pressure  AP,  it is thus necessary to make Z1 
as large as practicable (to reduce the entrance loss) and 
to make  Ka  as small as is necessary to* balance the equa- 
tion. 

The.entrance conductance  Kx  may be determined as 
follows. . The expansion loss in the entrance region in 
passing from an area A3, to an area  F  is given by 
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Upon substituting ^-jji  = PVp,  then 
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1 
8 

c *<£-0 
whore  c  is a factor dependent upon the angles of diverg- 
ence of the vails (fig. 13)(reference 2), and 7i  is the 
velocity at Ax,  and Yy  is the velocity at 7.  Then 

Au .   .    °(*r0 (7) 

*i    *P 

This function is given in figure 14.  The range of c  is 
from 0.13 to 1.21 approximately 1:10; that is, the worst 
internal expansion will have ten times the entrance loss 
that a perfect one would have.  The effect of an expansion 
angle larger than the optimum can he easily compensated 
by increasing the entrance area somewhat.  (See fig. 14.) 
Thus, an opening only slightly larger than the minimum 
will permit a short entrance length. 

Prom equations (2) and (4) 

1    APl 

Ei3   KaAp 

Thus, with K and Ap  specified, selection of Ap, de- 
termines K1#  Conversely, if the geometric design is 
selected,  Apx  is determined.  Vor example, for a radiator 
with a required pressure drop of 40 pounds per square foot 
Z3Ap = 10 pounds per square foot.  If tne entrance area is 
0.45 F, the entranoe loss is between 2 and 18 pounds per 
square foot.  An increase of area to 0.55 7 sets a loss of 
8 pounds per square foot as an upper limit with 3 or 4 as 
a more probable value. 

The problem of the  permissible entranoe loss is tied 
up with the problem of securing» adequate air flow in the 
climb conditions.  Because of the low air speed the entrance 
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loss must T>e made small.  The over-all pressure difference 
may be improved by placing the entrance and exit in the 
propeller slipstream.  By fitting a flap to the exit under 
these conditions, over-all pressure difference? four or 
five times the dynamic pressure may he obtained (reference 
3). 

She exit conductance Ea may he determined as fol- 
lows: 

APa = 1  p7a
a 

i p V ( »Z'I»N» 
.*7J 

for r?j B A37a.  The exit conductance is thus given as 

Ka
a «= 0.,/Apa = (A3/S)

a 

or 

Es « Aa/]r (8) 

An exact metho.d of determining the dimensions of Aa 
for all flow conditions is rather difficult.  However, 
two general rules may he used as a first estimate:  (l) 
If Apa > 0.5a.,  the minimum area of the exit perpendicu- 
lar to the flow lines out of the slot is a good estimation« 
(2) If Apa < 0.5q, an area larger than that computed by 
the above formula will have to be used sinoe the velocity 
distribution across the slot is not uniform. 

External design.- The flow pattern of the air ap- 
proaching the entrance determines the external design of 
the scoop.  If -the entrance velocity approximately equals 
stream velocity the streamlines will be nearly straight. 
A sharp leading edge would be permissible under these con- 
ditions.  When the ratio of entrance velocity to stream 
velocity is low, the streamlines turn sharply outward and 
after passing the edge of the scoop entrance must again 
turn through approximately 90° to resume their original 
direction.  -This low ratio is usually the oondition with 
high flight speeds, since the upper limit of this ratio 

-• -vvv.\-:.v LW .,•?£--.•:: •Ar^r:^-7rMF^77^KT7^'-y7 
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is determined by the cooling requirement in climb.  A 
well-rounded nose contour is necessary to prevent the oc- 
currence of high negative pressures with attendant com- 
pressibility and separation losses.  This design, of 
course, necessitates a projected frontal area much larger 
than the intake opening in order to secure the proper 
fairing.  Just as in the case of the HACA cowling, the 
radius of curvature of the longitudinal nose contours 
should gradually increase toward the rear to avoid a sudden 
decrease of negative pressure. 

Afterbodies must be of sufficient length to prevent 
the occurrence of separation.  An estimate of the proper 
length may be obtained from the test results.  It may be 
well to completely merge the afterbody into the rest of the 
airplane. 

Although the proper entrance size will probably be 
determined while designing the duct, it is of interest to 
know the entrance area or scoop size which will make the 
sum of the internal and external drag a minimum in cruising 
or high-speed flight.  This may be found if the form drag 
coefficient based on frontal area  Cf  is known for the par- 
ticular shape of the scoop.  The frontal area may be con- 
sidered to be the maximum section area bounded by the scoop 
and the original lines of the airplane.  The scoop drag is 
equal to the form drag plus the drag chargeable to internal 
flow losses.  Expressing the frontal area as a coefficient 
times the entrance area  kAx  the drag equation is 

D = OjqkAi + eqi-f — - if     % + 3&L  + . . . 

The rate of air flow  4 and maximum duct area T will 
be considered as fixed quantities.  Differentiating with 
respect to the entrance area, we obtain the relation for 
minimum drag: 

The value of &&—    1B unknown except for the case where 
dAx 

the scoop fairing remains geometrically similar with ohang- 

econd term d ing size.  Here    •• = o  and the second term drops out« 
dA, 

If,   in addition,   we  substitute     */-£    *°*"  "Jrfi      the equa- 
tion  takes   the  form v   q JrV 
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Design Illustrations 

The application of the above formulas to the design 
of a low drag scoop is illustrated in table IT.  The opti- 
mum scoop design is obtained when the sum  of the power 
loss due to external drag and the power loss due to the 
internal expansion ie a minimum.  If the form drag of the 
scoop is large, it is best to deorease the frontal area 
at the expense of Increasing the internal expansion loss; 
while, if the form drag is low, a small internal loss 
gives the best design.  If the internal expansion loss 
can be kept small by perfect expansion ducts, high velocity 
entrances may be U3ed; but the amount to be gained by im- 
proving the internal expansion loss is very small if e 
low form dreg scoop ie used in the design.  The above ob- 
servations lead us to select a scoop that has low form 
drag and a low velocity entrance. 

The table is constructed for a flight speed of 400 
miles per hour and an altitude of 20,000 feet.  Hates of 
flow are determined for an intercoolor with a conductivity 
of 0.2 and a rcr;uir3d pressure drop of 60 pounds per square 
foot, and for a radiator with a conductivity of 0.5 and a 
pressure drop of 40 pounds per square foot.  The expansion 
coefficient to be used depends on the angle of divergence 
between the duct walls and consequently on the distance 
between the scoop entrance and the -heat exchanger.  For a 
round duct with an angle of divergence of 5ya°, figure 13 
gives a lose coefficient of 0.13.  A great duct length 
would be necessary to install such a duct for usual valued 

A,     • ' 
of  Ax and -=-.  Also, expanding ducts are usually neither 

round nor straight.  The value of  c = 0.13  is used in the 
table to represent a limiting condition rather than one to 
be attained.  The value of .c -   1.0  represents a sudden 
expansion» 

The form drag coefficient based on the scoop frontal 
area, C^,  depends on how well the scoop is faired and how 
much frontal area it adds to the body on which it is 
placed.  The lowest valuo obtainable is the increase due 
to creating a n'03o opening in a streamline body without 
increasing the frontal area.  Reference 4 gives a value 
of  Cf a 0.008  for this' case.  This value may be regarded 
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merely as a lower limit for an entrance located approxi- 
mately, at'.the forward stagnation point.  For a veil 
faired scoop placed' so that the frontal area of the air- 
plane is increased by an amount equal to the frontal area 
of the scoop, a value of  C^ a 0.059 obtained with scoop 
1 may be used.  The values of  0^ •» 0.79 and  Cf » 1.5 
obtained with scoops 2 and 7 are included to show the ef- 
fects of high form drag. 

The ratio of projected frontal area to entrance 
area, k, is determined from: the fairing layout.  Its value, 
of course, depends on whether the scoop is faired for a 
low- or a high-speed entrance.  Values of 1.0 and 2.4, 
corresponding to the scoops tested, are used in the table. 

Column 7 of table 17 is computed from the relation 

Rearranging the equation for minimum drag by putting all 
known constants on the right side gives 

k; 

A, 
The solution for  — may be obtained from figure 15 and 

7 
is given in column 8.  The best entrance velocity, given 

in column 9, equals  ( -S/_2.^—, 
V 7/ 7 J  88 

The external form drag and the internal expansion 
loss may be expressed as a parasite drag coefficient based 
on wing area. 

The first term represents the form drag, the second the 
expansion loss, and  Cn   their sum.  numerical values 

computed for  7 » 2.5 square feet and a wing area of 300 
square feet are given in columns 11, 13, and 13. 
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Table IT shows the shift of the optimum entrance area 
and velocity with change in  C_.  In examples 1 to 4, as 
Cf decreases from 1.5 to 0.008, the optimum -~ increases 

7 A 

7 
from 0.112 to 0.414.; -JL,  varying inversely with -*r 

drops from 0.94 to 0.25.  This means that, as the form 
drag is decreased. It is most efficient to lower the in- 
ternal loss by incroasing the size of the sooop. 

Tbe effect of changing  c  from 1.0 to 0.13, as in 
examples 5 to 8, is approximately to cut the optimum 
Ai •  Vi . 
-—-  in half and double -—-.  In examples 9 to 16, the con- 

ditions chosen for the radiator approximately doubled the 

air flow;  -r^-  varies nearly as  — or is nearly doubled; 
7 * 
—i.  is almost unchanged. 
7 

It may be observed that the parasite drag coefficient- 
C-n   has the same trend as the form drag coefficient  C». 

P 
In examples 1 to 4, as C*     is reduced from 1.5 to 0.008, 
Cn   droTJ6 from 0.0029 to^O.OOOl. 

P 
Reducing  c  from 1.0 to 0.13 by introducing a gradual 

expansion is shown in execples 5 to 8 to reduce  0T>   over 

40 percent.  However, in cojiaring examples 4 &nd 8, this 
reduction is too insignificant to show in the fourth deci- 

Vi 
mal place.  Example 4 witb  -=r « 0.25  is similar to the 

open-nose cowling.  Evidently, • with this low entrance ve- 
locity  It is immaterial whether a sudden or a gradual ex- 
pansion is used.  On the other hand, with a high entrance 
velocity a gradual expansion must be used and the utmost 
care mu3t be taken with duct design to prevent excessive 
losses.  Irregularities in the entrance region easily upset 
the flovr. and an ideal expansion is thus difficult to 
realize in prectice..  If the. lesign calls for a small en- 
trance and ideal expansion is not realized, the internal 
loss will be much greater than the external drag saving. 
It is therefore dapirsble to use as good an expansion as 
convenient and to use an expansion coefficient of unity in 
the design computations. 

It is always necessary to compare the internal pres- 
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sure drops with the over-all pressure drop available for 
all flight conditions.  This comparison may demand the 
use of.-a scoop, larger than optimum. 

CONCLUDING EBMAEZS 

The illustrations show that the optimum scoop is de- 
termined by a compromise between the power losses asso- 
ciated with external drag and internal losses so that the 
sum of these losses is a minimum.  Obviously, if the scoop 
has a large form drag, the else will be reduced and the 
internal losses will be increased to obtain the best com- 
promise.  Conversely, if the scoop has a loV form drag, 
the frontal area will be made relatively large thereby 
reducing the internal losses to give the best compromise. 

In the latter condition involving the scoop having 
low form drag, a trivial reduction in power can be ob- 
tained by reducing the frontal area due to employing ducts 
having ideal expansions.  However, the experience and 
knowledge required to obtain this trivial gain are out 
of all proportion to the advantage to be obtained. 
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TABES I.. lEAfl AHD DRAG- UKSMSSfS FOH THE TEST ARBAJTMKEKTS 

[Cfc =   0.117] 

Sun Scoop °B 40J> Cf Condition 

1 — 0.0138 _ ,MM  Basic:    Airplane with open nose and air flow, no tail. 
2 A .0151 0.0013 0.C59 Streamline nose on scoop;    exit closed« 
3 A .0155 .0017 .078 A   -- 5.5 sq in.' ;    As = 0 
4 A .0151 .0013 .059 A   - 5.5 sq is. ;    A2 = 3 sq in. 
5 A .0152 .0015 .068 A  = 5.5 sq in.; AQ = 6 sq in. 
6 A .0195 .0057 .260 A   -   5.{i sq in. ;    A2 = 17 sq in.; 30° flap. 
7 A .0153 .0015 .066 A = 11.n sq in. ,   A2 = 3 sq in. 
8 A .0156 .0018 .082 A = 11.0 sq in. AQ = 6 sq in. 
9 A -0199 .0061 .263 A - 11.0 sq in. i    Ao = 17 sq in.; 30° flap. 

10 B .0155 .0017 .078 A » 11.0 sq in. As  =0 
11 B .0153 .0015 .068 A - 11.0 sq in.' ,    Aa  = 6.8 sq in. 
12 C .0155 .0017 .078 A = 11.C sq in. ;    Aa  = 0 
13 C .0157 .0019 .("•87 A = 11.C: sq in.; A2  = 7.4 aq in. 
14 B .0157 .0019 .087 A = 11.C; sq in. !    As  = 0 
15 . D .0157 .0019 .087 A = 11.0 sq in.' A2  = 5.8 sq in. 
16 Di .0163 .0025 .114 Juncture cut back lVain., A  = 11.0 sq in.; AQ = 0 
17 Da .0173 .0035 .160 Juncture cut back 21/* in., A  = 11.0 sq in.; A3 = 0 
18 Bx .0153 .0017 .078 Scoop entrance moved back 8 in., AF 11.0 P.-: in.; A3 = 
19 I .0233 .0085 .93 Ho baffle, A2 = 0 
20 I .0210 .0072 .79 Ho baffle, A2 = 6 aq in. 
21 P .0275 .0137 1.50 Ho baffle, Aa  = = 0 



TABLE II.- AVAILABLE OVER-ALL PHESSUB3 DIPP3REHCB 

20 

Scoop a 
(deg) 

Pront pressure, Pf/cj. 
Bear 
Pr/°- 

Exit 

Pe/l 

AP/q 
Bose | Lip Baffle 

A 
-2.1 
1.1 
8.7 

0.51 
.58 
.73 

0.58 
.64 
.76 

0.66 
.71 
.83 

-0.22 
-.18 
-.07 

0.88 
.89 
.90 

B 
-2.1 
1.1 
8.7 

0.50 
.59 
.73 

0.G7 
.73 
.85 

0.58 
.64 
.75 

0.67 
.72 
.82 

0.02 
.03 
.04 

0.65 
.69 
.78 

C 
-2.1 
1.1 
8.7 

C.51 
.59 
.73 

0.P.7 
.73 
.84 

0.57 
.64 
.75 

i 
i 

0.65 | 0.09 
.71 !   .11 
.81 j   .16 

i 

0.56 
.60 
.65 

D 
-2.1 
1.1 
8.7 

0.52 
.53 
.78 

0.60 
.69 
.76 

0.58 
.65 
.74 

0.63 
.71 
.80 

0.02 
.02 
.03 

0.61 
.69 
.77 



TABLE III.- PEESSUEE DEO? ACEOS5 BAFFLE PLATE 

21 

Front pressure,   px-/q 
Jcoop a 

(deg) 
A 

(sq  in.! 
A3 

(sq   in.) 
Bear 

Pr/«1 

Exit 

Pe/<1 

Ap/q 

Hose Lip 
r 
Baffle 

-2.1 i 0.54 ___— 0.60 0.54 ___— 0.06 
1.1 y 3.o .63 .67 .59 .08 
8.7 j .60   .60 .69 -—_ .11 

-2.1 i 
>-   5.1 

} .55 ———— .61 .40   .21 
1.1 y    6.0 .65 .63 .45   .23 
8.7 j .81   .73 .53   .25 

-2.1 T .64 .67 -.19 ___- .86 
l.l! |}-a17.0 .74 ____ .75 -.16 — — .91 

A 8.7 L 
-2.if 

i .86 .79 -.08  .87 
li .54  _ .59 .61 

l.i; 

1 
.64 ____ .65 .67 

8.7 I .81 .77 .78 
-2.1 I .56 • O J. .67 _--_ .04 

1"1i " 10.2 )•     6.0 .65   .67 .62  .05 
8.7 ! J .64 .79 .72 ____ .07 

-2.1 I 1 .74 -_- .71 .10 ..__-. .61 
I.I! j-a17.0 .83 .75 .13   .63 
8.7^ .94 .82 .201  

| 
.62 

-2   1                         ' 0.58 0.79 0.64 0.57   0.12 0.07 
3 1.1        10.2 6.8 .70 .85 .71 .63 .13 .08 

8.7 .63 .90 .80 .68 .15 .12 

-2.1 
l 

0.54 0.74 0.61 0.57 0.24 0.04 
C 1.1 10.2 7.4 .64 .79 .67 .61      .26 .06 

8.7 .82 .89 .78 .70 .32 .08 

-2.1 0.58 0.60 0.66 0.65 0.12 0.11 
D 1.1 10.2 6.8 .66 .67 .71 .60 .12 .11 

8.7 1 
p 

.82 .76 .82 .67 .16 .16 

-2.1 0.70 ——__   0.39 C.05 _——— 
I 1.1        Open 6.0 .76 _--- .48 .10   

8.71 .63   .68 .16 _.--- 

aThe 30° flap. 



TABLE IV.- SCOOPS FOR MINIMUM DEM 

L-33J- 

400 icph - 20,000 ft altitude 

(6)|   (7) (9) I   (10)      (11)* (12)' (13)* 

Example 
!tfps)!    T 

7i ! 
(nphJl 

AiF 

^ IS -? («)V**-• £-01 <Df 
-=+ —h• 

373 
oö9 
179 
101 

0.94 
.77 
.45 

734 1.83 
! 594 ' 1.48 
' 341 |    .65 

182 j    .45 

0.0020 
.0013 
.0004 
.0001 

392 
323 

! 199 

C.98 
.81 
.50 

|_125      .Sl_ 
7*5 -l."B6" 
608 I 1.52 
S57 j    .89 
202 I    .50 

0.0010 
.0007 
.0002 
.0001 

C.0C3P 
.0025 
.0007 

__.oqo2_ 
0.0021 
.0013 
.0004 
.0001 

0.0009 
.0006 
.0002 
.0000 

0.0005 
.0003 
.0001 
.0000 

0.0015 
.0009 
.0002 
.0000 

0.0009 
.0006 
.0002 
.0000 

0.0029 
.0019 
.0006 
.0001 

0.0015 
.0010 
.0003 
.0001 

0.0054 
-.0034 

.0009 
^0002 

0.0050 
.0019 
.0006 
.0001 

•Calculated for   I =  2.5 sq ft    and    S =   300 eq ft. 

CO 
to 
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STREAMLINE   NOSE 

BAFFLE   PLATE 

Fl G \JRE I-  LAYOUT OF  TEST ARRANGEMENTB    SHOWING    SCOOPS    A, B, AND   C. 
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~l GI/R6  2 - LAYOUT OF 1 EST ARRANGEMENTS SHOWING 5C0OP5 D.E.AND F. 

3 

•a 



NACA Figs. 3,4 

Figure 3.- Nose for scoops A,B, and C. Static pressure 
orifices at a, bottom center line; b, corner; 
and c, fillet. 

Figure 4.~  Model with scoop A, exit closed. 

in  HIHI iii  i 



NACA Figs. 5,6 

Figure 5.- Model with Bcocp A, 30° flap. 

Figure 6.- Exit of scoops B end D. 



NACA Figs. 7,8 

Figure 7.- Model with scoop D, exit closed. 

Figure'8.- Model with scoop E, exit open. 



NACA Figo. 9,10 
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Figure 9.- Force test results 
on basic model. 

Figure 10.- Force test results on 
model with scoop B, 
air flow. 
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